Cationic tetranuclear arene ruthenium complexes of the general formula 
Introduction
Arene ruthenium(II) and cyclopentadienyl rhodium(III) or iridium(III) half-sandwich complexes have received considerable attention over the last decade, especially as building blocks in supramolecular chemistry.
[1] Their ability to generate a pre-organised arrangement with appropriate multidentate bridging ligands and connectors has allowed the controlled formation of various supramolecular constructions. Indeed, we have used, as well as others, arene ruthenium complexes as building blocks for the assembly of a series of cationic metalla-rectangles containing OOʝOO or ONʝNO bridging ligands (OOʝOO = oxalato, 2,5-dihydroxy-1,4-benzoquinonato, 2,5-dichloro-1,4-benzoquinonato, 6,11-dihydroxy-5,12-naphthacenedionato; ONʝNO = oxonato, 2,5-diarylamino-1,4-benzoquinonato) and polypyridyl ligands [NʝN = pyrazine, 4,4Ј-bipyridine, 4,7-phenanthroline, 1,2-bis(4-pyridyl)ethylene, 2,5-bis(4-pyridyl)-1,3,5-oxadiazolato] as connectors.
[2] The oxalato derivatives[Ru 4 (p-cymene) 4 (bpe) 2 (oxalato) 2 ] 4+ , [3] [Rh 4 (Cp*) 4 -(bpe) 2 (oxalato) 2 ] 4+ and [Ir 4 (Cp*) 4 (bpe) 2 (oxalato) 2 ] 4+ connected with 1,2-bis(4-pyridyl)ethylene (bpe) [4] 4+ (3), the pyrene molecule is found inside the hydrophobic cavity of the metallarectangle, thus giving rise to a host-guest system. the solid state, while the [M 4 (Cp*) 4 (pyrazine) 2 (6,11-dihydroxy-5,12-naphthacene-dionato) 2 ] 4+ (M = Rh, Ir) [5] have been found to encapsulate CH 2 Cl 2 or ClCH 2 CH 2 Cl molecules under single-crystal-to-single-crystal transformation conditions. On the other hand, the [Ru 4 (p-cymene) 4 4+ metalla-rectangles [6] as well as a series of p-cymene and hexamethylbenzene ruthenium metalla-rectangles of the general formula [Ru 4 (arene) 4 -(NʝN) 2 (OOʝOO) 2 ] 4+ {OOʝOO = 2,5-dihydroxy-1,4-benzoquinonato, 2,5-dichloro-1,4-benzoquinonato; NʝN = pyrazine, 4,4Ј-bipyridine, 1,2-bis(4-pyridyl)ethylene} [7] have been found to be cytotoxic against cancer cell lines. Herein we report the synthesis and characterisation of a new series of tetranuclear cations incorporating p-cymene ruthenium building blocks, bridged by 5,8-dihydroxy-1,4-naphthoquinonato (dhnq) ligands, and connected by pyrazine, 4,4Ј-bi- Published in European Journal of Inorganic Chemistry 5, 725-728, 2010 which should be used for any reference to this work pyridine or 1,2-bis(4-pyridyl)ethylene bidentate connectors, see Figure 1 . Their ability to interact with pyrene in solution has been studied by NMR experiments.
Results and Discussion
Addition of AgCF 3 SO 3 to the dinuclear complex [Ru 2 (pcymene) 2 (dhnq)Cl 2 ] [8] in the presence of NʝN bidentate ligands {pyrazine, 4,4Ј-bipyridine or 1,2-bis(4-pyridyl)-ethylene} leads to the formation of the tetranuclear cations [Ru 4 (p-cymene) 4 The 1 H NMR spectrum of 1 displays a singlet due to the pyrazine protons. As in free pyrazine, where the proton signal is found at δ = 8.57 in [D 3 ]acetonitrile, the corresponding signal of 1 appears at δ = 8.56 ppm. . [8] The cavity size of the different metalla-rectangles was estimated from molecular modelling and from analogous structures incorporating the same bridging and connecting ligands. The pyrazine cation 1 possesses a cavity of about about 8.4 ϫ 7.0 Å 2 (Ru-Ru distances), while the cavity size of the bpy and bpe metalla-rectangles 2 and 3 are expected to be approximately 8.4 ϫ 11.2 and 8.4 ϫ 13.6 Å 2 , respectively, see Figure 1 . Therefore, considering the size of the hydrophobic cavity and the presence of aromatic surfaces in the multiple components of 1-3, we decided to study the host-guest properties of these metalla-rectangles in the presence of pyrene, since pyrene molecule was recently found to interact strongly in the hydrophobic cavity of the metallaprisms [Ru 6 (p-cymene) 6 (tpt) 2 (dhnq) 3 ] 6+ {tpt = 2,4,6-tris(4-pyridyl)-1,3,5-triazine} [8] and
[Ru 6 (p-cymene) 6 (tpt) 2 -(dhbq) 3 ] 6+ (dhbq = 2,5-dihydroxy-1,4-benzoquinonato). [9] Upon gradual addition of pyrene (0.2-20.0 equiv.) to a CD 3 CN solution of metalla-rectangles 1, 2 and 3 (4.0 m), the 1 H NMR spectra of 2 and 3 show displacements of the chemical shifts of some of the protons of the host and of the guest, while in the case of 1 no chemical shift changes are observed, see Figure 3 . In 2, the H β protons of the pyr- To gain further insight on the nature of the interactions involved between pyrene and metalla-rectangles 2 and 3, we performed a series of DOSY measurements. [10] Diffusionordered (DOSY) NMR spectroscopy is a valuable tool for investigating large molecules in solution. [11] It is clear from the DOSY spectra of pyrene and 2 (Figure 4 ) that both compounds keep the same diffusion constant even when mixed together. Therefore, the chemical shifts observed for the host and the guest are attributed to outer interactions. However, the case of 3 in the interaction with pyrene is totally different. The DOSY spectra show that for a 1:1 mixture of pyrene and [3] [CF 3 SO 3 ] 4 both diffusion coefficients are almost equivalent at about 6.3 ϫ 10 -10 m 2 s -1 (see Figure 5) . Consequently, the pyrene appears to be located in the hydrophobic cavity of 3, which is in accordance with the strong chemical shift observed for both species in the 1 H NMR spectra (Figure 3 ). To confirm the presence of a pyrene molecule in the cavity of metalla-rectangle 3 in solution, one-dimensional ROESY experiments were performed in [D 3 ]acetonitrile. The ROESY experiments were recorded as described previously. [12] As shown in Figure 6 , intense cross-peaks are observed between the protons of the pyrene molecule and the protons of the cationic metalla-rectangle 3 in close proximity, especially those of the connecting 1,2-bis(4-pyridyl)ethylene ligands (H α , H β and H C=C ). Therefore, we can conclude that in the case of 3 the pyrene molecule is preferably positioned in the hydrophobic cavity of the metallarectangle giving rise to a host-guest system. 
Conclusions
The present study reveals that rectangular-shaped tetranuclear arene ruthenium complexes containing OOʝOO-bridges and NʝN-linkers can be designed to measure by choosing the dimensions of the NʝN-dipyridyl-type ligands in order to accommodate a pyrene guest molecule inside their cavity. In contrast to the carceplex system formed by the metalla-prism [Ru 6 (p-cymene) 6 (tpt) 2 (dhbq) 3 ] 6+ with pyrene, [pyreneʚRu 6 (p-cymene) 6 (tpt) 2 (dhbq) 3 ] 6+ , where the guest is permanently encapsulated, [9] the host-guest system formed by metalla-rectangle 3 with pyrene is dynamic and only observed in solution.
Experimental Section
General: [Ru 2 (p-cymene) 2 (dhnq)Cl 2 ] was prepared according to publish methods. [8] All other reagents were commercially available (Sigma-Aldrich) and used as received. 
